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Table 9.1

9.1

9.2

FOUTVALENCY DETERMINATION TO RACT CTG

Total Building 110 pre-control VOC emissions would be reduced by 10.75
TPY from 29.34 TPY to 18.59 TPY through implementation of the
proposed RACT standard. Implementation of the general RACT
guidelines described in IAC 8-5-3 would reduce emissions by 17.23 TPY.
Implementation of the RACT CTG would reduce Building 110 VOC
emissions by 6.48 TPY more than the proposed RACT standard at an
incremental capital investment of $1,815,462. Table 9.1 summarizes the
RACT comparison information presented in Table 9.2.

Summary Comparison of Proposed Versus CTG RACT

Pre-Control Proposed Emissions Emissions After ‘l.ncxemental
VOC Emissions  After Proposed RACT CTGRACT  Difference Capital Cost

2934 TPY 1859 TPY 1211 TPY 648 TPY $1,815,462

A detailed summary of the comparison of the proposed RACT standard to
the general RACT standard is described in the following sections.

REACTORS
P -
e
The proposed RACT for Building 110 reactors will reduce VOC emissions
by 10.72 TPY. The general RACT CTG described in IAC 8-5-3(b)(1) would
reduce VOC emissions from Building 110 reactors by 12.77 TPY.

CENTRIFUGES

One portable centrifuge will be installed in Building 110 and infrequently
utilized for solids separations. This unit is fully enclosed; VOC containing
fluids will not be exposed to the atmosphere. If the portable centrifuge
was utilized for 100% of Building 110 solids separation operations, the
general RACT CTG described in IAC 8-5-3(b)(1) could reduce VOC
emissions by 2.47 TPY more than the RACT proposed for the Building 110
centrifuge. The proposed RACT is fully consistent with the general RACT
guidelines for centrifuges described in 326 [AC 8-5-3(b)(4).
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8.3

9.4

During the filtration process, solids containing fluid is pressured from a
reactor vessel through a filter. The filtered fluid is sent to a receiving
reactor vessel. VOC containing fluids are not exposed to the atmosphere
during this process. VOC emissions resulting from vapor displaced from
the receiving vessel are controlled by that vessel's primary condenser.

After the filtration process, the filter must be opened to allow transfer of
solids from the filter to drying equipment. The filters are opened under a
walk-in hood; resulting VOC emissions are removed from the work area
by a production exhaust system. The minimum flow rate through a
production exhaust system is approximately 3,600 acfm. Available data
(see Appendix A) indicate that less than 5 Ib VOC per filtration is emitted
to a Building 110 filter production exhaust system. 326 IAC 8-5-3(b)(2)(B)
requires that emissions from production exhaust systems be limited to 33
Ib/day.

Though unlikely, VOC emissions from a Building 110 production exhaust
system could exceed 33 Ib/day. 326 IAC 8-5-3(b)(2)(B) allows the
commissioner to waive the 33 Ib/day limitation if the owner can show
that controls are not practical at a reasonable cost because of dilution of
the exhaust gas with large quantities of air. The analysis in Section 7 of
this report demonstrates the most effident VOC control technology is not
RACT for saturated emission streams with flow rates of 10 acfm. It can be
concluded that VOC control technology applied to dilute VOC emission
streams with flow rates of 3,600 acfm would also not be considered RACT.
Therefore, the proposed RACT for Building 110 filters is consistent with
326 IAC 8-5-3(b)(2)(B).

The proposed RACT for Building 110 exposed liquid filters is fully

consistent with the general RACT guidelines described in 326 IAC 8-5-
3(b)(4)-

VACUUM DRYERS

The proposed RACT for Building 110 vacuum dryers will not reduce VOC
emissions. The general RACT guidelines described in IAC 326 8-5-3(b)(1)

would reduce VOC emissions from Building 110 vacuum dryers by 2.00
TPY.




9.5

9.6

9.7

9.8

(3

AIR DRYERS
The proposed RACT for Building 110 air dryers and filters is fully

consistent with the general RACT guidelines described in IAC 326 8-5-
3(b)2)(B).

STORAGE TANKS

VOC emissions from storage tanks after implementation of proposed
RACT would be 0.003 TPY. VOC emissions from storage tanks after
implementation of the general RACT guidelines described in IAC 326 8-5-
3(b)(3) would be 0.034 TPY. VOC emissions after proposed RACT would
be 0.031 TPY less than VOC emissions after CTG RACT.

IN-PROCESS TANKS

The proposed RACT for Building 110 in-process tanks is fully consistent
with the general RACT guidelines described in IAC 326 8-5-3(b)(5).

EQUIPMENT LEAKS

The proposed RACT for Building 110 equipment leaks is fully consistent
with the general RACT guidelines described in IAC 326 8-5-3(b)(6).
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10.1

OZONE ATTAINMENT PLAN IMPACTS

The following sections review the current base year inventories, and
attainment and maintenance plans for the Marion County ozone non-
attainment area, and present the relative impact the requested petition for
a site-specific RACT standard for Lilly's facility will have in meeting SIP
non-attainment area requirements. '

CURRENT STATUS OF MARION COUNTY ATTAINMENT PROGRESS

The primary ambient air quality standard for ozone is attained when the
expected number of days per calendar year with maximum hourly
concentrations above 0.12 ppm is equal to or less than 1.0. Marion County
is currently designated marginal nonattainment for ozone, having a
design value of 0.118 ppm based on latest available information. A
summary of measured, quality assured ambient ozone data is shown in
Table 10-1, obtained from recent IAPCS documents. Based on ambient
data, Marion County is attaining for the National Ambient Air Quality
Standard (NA AQs) for ozone.




Table 10-1  Quality Assured Ambient Ozone Exceedances - Indianapolis Area

L]

Site Year # of Days Exceedance/Year
Hamilton County, 186th Street 1987 2
Hamilton County, 186th Street 1989 1
Hancock County, Fortville 1988 1
Johnson County, 950 North Road 1987 1
Marion County, 8327 Mann Road 1988 2
Marion County, Trailer Court Road 1988 1
Marion County, Trailer Court Road 1989 1
Marion County, Trailer Court Road 1990 1
Marion County, 1321 South Harding 1987 1
Marion County, 1321 South Harding 1988 2
Marion County, 1885 North Arlington 1987 1
Marion County, 1885 North Arlington 1988 . X 2
Morgan County, Paragon Elementary 1988 2

A request to redesignate Marion County as attainment for the ozone
NAAQS was announced by IDEM in a public notice June 2, 1993. A
public hearing on a proposed SIP revision and Maintenance Plan was
scheduled for August 6, 1993.

10.2 SIP EMISSION INVENTORY AND REDUCTION TARGETS

According to Draft Revision to the Indiana State Implementation Plan,
Maintenance Plan for Ozone Attainment, Marion County (Draft Maintenance
Plan), dated July, 1993, 1990 base year VOC emissions for the expanded
nonattainment area (Marion County plus other counties in a 25 mile
surrounding area) were 204.6 regulatory effective tons/day from various
sources apportioned as follows:

Point Sources 26.193 tons/day
Area Sources 59.350 tons/day
Non-Highway 6.640 tons/day
Mobile Sources 112.450 tons /day
Total Base Year 204.633 tons/day
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10.3

Regulatory effective emissions reflect adjusted daily emissions based on

number of source operating days per year and SIP required emission
reductions as of November 15, 1990.

A separate base year emission inventory was performed by the IAPCS.
Dated December 31, 1992 and included in Appendix D, the study reported
total 1990 base year emissions of 215.24 tons/ day VOCs, of which 1.70
tons/day are from all pharmaceutical manufacturing operations in the
expanded nonattainment area. Revisions to the IAPCS report are being
made pursuant to comments by EPA Region V concerning biogenic
emission sources.

The projected VOC emission growth allowances for point sources through
the year 2006, based on the Draft Maintenance Plan, is 5.063 tons/day.

Overall, the Draft Maintenance Plan predicts a net reduction in VOC
emissions for the period 1990-2006 of 29.137 tons/ day from all emission
sources. Hence, projected total area-wide VOC emissions by the year 2006
are expected to total 175.496 tons/ day, with a projected point source
emission total of 31.256 tons/ day.

MARION COUNTY MAINTENANCE PLAN

In July, 1993, the IDEM Office of Air Management drafted an ozone
Maintenance Plan for Marion County. The plan, included in Appendix E,
addresses the following subjects:

* Expanded non-attainment area geographic boundaries

* Identifies requirements for redesignation to attainment

* Reviews ozone monitoring network and data results

* Presents base year and future year emission inventories

* Provides a demonstration of maintenance

* Discusses controls and regulations in place

* Offers commitments for contingency measures & future controls

* Documents public participation for the Maintenance Plan

* Concludes Marion County has achieved and will maintain attainment

In summarizing results of the seven site ozone air monitoring network,
the Maintenance Plan shows the last monitored ozone NAAQS violation
occurred in 1988, and that future expected number of exceedances for the
period 1990-92 as 0.3.
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Regarding area-wide emission projections, the Draft Maintenance Plan
prviests a drop in total YOC emissions of 29,137 tons/ day, including the
effects of a growth allowance of 10.56 tons/day in point and area source
emissions. The growth allowance represents 12.3% of total area VOC
emissions from base year point and area sources through the year 2006,
without regard to additional reductions in point source VOC emissions
from the implementation of Title Ill MACT reductions. Estimates
included in the Draft Maintenance Plan for future MACT reductions total
6.0 tons/day, or 7.01 % of point and area source base year emissions not
needed to maintain attainment.

Other contingency measures which would be available to mitigate
attainment shortfalls, and not committed to by the IDEM as needed for
attainment include:

* Reformulated fuels or RVP controls for retail gasoline
* Stage Il vapor recovery

* I/M and enhanced I/M programs

* Post 1990 RACT CTG reductions

* Lower RACT thresholds

* Transportation control measures

The Marion County Maintenance Plan and redesignation to attainment

process is underway, with public hearing by the IDEM Board scheduled

for August 6, 1993.

RELATIVE IMPACT OF SITE-SPECIFIC RACT SIP REVISION ON
ATTAINMENT & MAINTENANCE PLAN

If Building 110 emission sources had been able to comply with the
generalized RACT CTG for synthesized pharmaceutical products, actual
emissions from the affected emission units would have been 0.033
tons/day VOCs in 1990. Under the proposed site-spedific RACT plan,
potential emissions would be 0.051 tons/day, based on the projected
operating schedule and control measures requested in permit applications
and this SIP revision. Therefore, a worst case difference of 0.018 tons/ day
would accrue by the approval of this SIP revision.

The worst case difference of 0.018 tons is 0.009% of 1990 base year VOC
emissions of 204.633 tons/day, 0.010% of the Draft Maintenance Plan
projected 2006 VOC emission target of 175.496 tons/day, and 0.057% of
the projected point source total by the year 2006 of 31.256 tons/day. It
also would account for 0.352% of projected point source emissions growth
from the Draft Maintenance Plan of 5.063 tons/ day.
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Should Marion County not achieve VOC emission reduction targets as
stated in the Draft Maintenance Plan, the requested SIP revision for Lilly
represents only 0.391% of the combined growth allowance and expected
MACT reductions of 4.56 tons/ day already accounted for in the
redesignation request.

Given the small relative share of the attainment plan targeted emission
level for VOCs in Marion County, it is not expected that approval of a SIP
revision for this site-specific RACT will generate any significant impacts
that would interfere with attainment or maintenance of the ozone
NAAQS.
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11.0

11.1

11.2

SUMMARY OF COMPLIANCE WITH 326 IAC 8-1-5

326 IAC 8-1-5 describes the required elements of a site-specific RACT
plan. The sxte-speqﬁc RACT plan required elements are described in
detail in the previous sections of this petition. This section summarizes
the petition's compliance with 326 IAC 8-1-5.

NAME AND ADDRESS OF PETITIONER

The name and address of the company and the name and telephone
number of the responsible company representative over whose signature
this petition is being submitted is:

Mr. Bernard O. Paul

Eli Lilly and Company

Lilly Corporate Center
Indianapolis, Indiana 46285
(317) 276-0331

for

Lilly Technical Center - South
1555 South Kentucky Avenue
Indianapolis, Indiana

This information is contained in Section 1.0 of this petition.

IDENTIFICATION AND PURPOSE OF VOC EMITTING EQUIPMENT

This petition applies to the pilot processes in Building 110 of the Lilly
Technical Center - South. The pilot processes are used for chemical
process research and development of pharmaceutical products. Pilot
process equipment subject to this proposed RACT petition are reactors,
filters, dryers, and an acetone storage tank.

Detailed descriptions of all operations conducted at this location for which
this petition applies are contained in Sections 2.0 and 3.0 of this petition.
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11.3 PROPUSED RACT CUNTKULS :
Specific operational and equipment controls for which alternative controls
are proposed are summarized in Table 11.1.
Table 11.1 Proposed RACT VOC Controls
Emitting Coatrol . Operational
Equipment Equipment Controls
Reactors No greaterthan-10°C  Condenser operates when
inlet working fluid venting mixtures which will
primary condenser not freeze at -10° C
Centrifuges Enclosuresand filtrate ~ Condenser operates when
discharge to vessel with  venting mixtures which will
-10° C primary condenser not freeze at -10°C
Filters Enclosures and filtrate Condenser operates when
discharge to vessel with  venting mixtures which will
-10° C primary condenser not freeze at -10°C
Vacuum dryers None None
Air dryers None Equipment capacity and operating
schedule will limit VOC emissions
to not more than 33 |b/day
Equipment leaks None Repair when visibly leaking
Acetone storage tank Vapor balance None
system
More detailed operation and equipment control information is contained
in Sections 4.0 and 9.0 of this petition.
11.4

PROPOSED RACT IMPLEMENTATION SCHEDULE

The proposed RACT implementation schedule is summarized in Table

11.2.
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Table 11.2  Proposed RACT Implementation Schedule .
Emitting Control Operational Compliance
Equipment Equipment Controls Date
Existing reactors -10°C primary Condenser operates during  Implement
condenser venting mixtures which immediately
will not freeze at-10° C ;
Proposed reactors -10° Cprimary  Condenser operates during 30 days after
condenser venting mixtures which start-up
will not freeze at -10° C
Proposed centrifuges Enclosuresand Condenser operates during 30 days after
filtrate discharge venting mixtures which will  start-up
to vessel with  not freezeat -10° C
-10°C primary
condenser
Existing filters Enclosuresand Condenser operated during  Implement
filtrate discharge venting mixtures which will immediately
to vessel with  not freezeat -10" C
-10° C primary
condenser
Proposed filters Enclosuresand Condenser operated during 30 days after
filtrate discharge venting mixtures which will  start-up
i to vessel with  not freeze at-10° C
e -10° C primary
condenser
Vacuum dryers None None
Alr dryers None Equipment capacity and Implement
operating schedule will immediately
limit VOC emissions to
not more than 33 [b/day
Equipment leaks None Repair when visibly leaking  Implement
immediately
Acetone storage tank Vapor balance  None Implement
system Immediately
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11.5.1 Capital Expenditure Required to Achieve Petitioned Level of Control

Primary condensers on reactors are required for reflux operations and are
currently m—plac:e on existing reactors. Proposed reactors will also be
equipped with primary condensers. No additional capxtal expenditure
would be required for this element of the proposed RACT plan.

The vapor return line on the acetone tank is currently in place and would
not require additional investment to implement.

11.5.2 Impact of Cost of Petitioned Level of Control on Eli Lilly and Company

The proposed Building 110 RACT utilizes existing equipment and good
operating practices to significantly reduce VOC emissions. The cost of
operating existing equipment and following existing procedures is
currently incorporated into Building 110 cost structure. No additional
costs would be incurred, allowing Lilly to minimize pharmaceutical
manufacturing costs.

11.5.3 Energy Requirements of Petitioned Level of Control

Implementation of the proposed RACT would require an increase in
annual electricity consumption of approximately 11,000 kilowatt-hours.
This estimate was also developed using procedures in the HAP Manual.

11.5.4 Environmental Impact of Petitioned Level of Control

VOC pre-control emissions to the air would be reduced by approximately
10.6 TPY through implementation of the proposed level of controls. The
volume of waste solvent transferred off-site for incineration would

increase by approximately 10.6 TPY. No other environmental impacts are
foreseen.

11.5.5 Health and Safety Implications of Proposed Level of Control

Implementation of the proposed level of control would not have any
adverse impact on human health and safety or product safety.
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11.6.1 Capital Expenditure Required for CTG RACT

An approximate capital expenditure of $1,815,462 would be required to
implement CTG RACT for Building 110 processes. This estimate was
developed using procedures in the condensation section of the USEPA's
Handbook Control Technologies for Hazardous Air Pollutants, June 1991 (the
HAP Manual).

Detailed capital expenditure information is contained in Section 7.0 of this
petition.

11.6.2 Impact of Cost of CTG RACT on Eli Lilly and Company

Because of rapidly changing market forces in the pharmaceutical industry,
all capital and operating expenditures are scrutinized for cost
effectiveness. Research costs, such as those in the Building 110 pilot plant
are increasing rapidly at a time when competitiveness and other pressures
are forcing pharmaceutical companies to hold prices and costs down.
Complying with the CTG RACT would require a capital expenditure of
approximately $1.8 million and would result in operating expenses of
$600,000 per year. Section 7 of this petition demonstrated how compliance
with the CTG RACT is not a cost effective emission control strategy.
Because there is great effort to reduce pharmaceutical costs, it is not
prudent to employ an emission control strategy that is not cost-effective
by the objective standards used in this petition.

11.6.3 Energy Requirements for CTG RACT

Implementation of the CTG RACT would require an increase in annual
electridity consumption of approximately 17,000 kilowatt-hours. This
estimate was also developed using procedures in the HAP Manual.

11.6.4 Environmental Impact of CTG RACT

VOC pre-control emissions to the air would be reduced by 17.23 TPY
through implementation of the CTG RACT. The volume of waste solvent
transferred off-site for incineration would increase by 1723 TPY. No
other environmental impact is foreseen.
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Implementation of the CTG RACT would not have any adverse impact on
human health and safety or product safety.
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Building 110 VOC Emissions Calculation Methodology

Calculation Basis

The building 110 batch pilot plants are primarily used for chemical
process research and development. The processes run in these areas are
in their infancy and very dynamic. At any point in time much of the
capadity is idle or in the state of setup or cleanup. Chemical processes run
in the same standard equipment use various solvents, unit operations, and
cycle times that are unique to each chemical compound. Because this is a
new pharmaceutical chemistry and process development fadility, it is not
possible to project future production schedules or process parameters.

The best estimate of VOC emissions from existing and proposed process
equipment should be based on the past performance of existing pilot plant
equipment. The existing D-wing Batch Pilot Plant in Building 110 is
comprised of 4 major modules containing 6 reactors each. The existing
reactors range in size from 30 to 300 gallons; the proposed reactors will
range in size from 30 to 500 gallons. Similar chemical processing, unit
operations and actual equipment utilization would be expected for the
expanded pilot plant areas. Emission calculations are then based on the
number of batches and the batch size. The reactor capadity determines the
maxdmum batch size. The number of batches we can process is based on
historical information on the four existing 6 reactor modules in the D-
wing from 1990, 1991, and 1992 (extrapolated to a full year). The estimates
of VOC emissions to the air are based on physical measurements used to
calculate the material balances on solvent usage for each batch run in

1991. This solvent material balance was obtained to generate the 1991
SARA 313 report for the existing fadlity. All solvents processed (not just
SARA 313 reportable) were included in this data set. 1991 is the first
entire year that solvent material balance measurements were routinely
made on all batches processed in this fadlity.

Historical Information on Number of Batches

The number of batches per year that can be processed through a 6 reactor
module is a key factor in potential annual VOC emissions. Since many
different products are run through the same reactors, significant time of
operation is lost due to equipment setup, tear down, and clean up
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between different chemical compounds. Products are typically only
produced for a 1 week period, rarely more than 4 weeks for a single
chemical compound.

Historical Information: Number of batches run in existing 6 reactor
modules

YEAR MODULE A MODULEB MODULE C MODULED TOTAL

1990 46 : 50 30 31 157
1991 29 25 35 35 124
19921 53 62 31 29 175

1 Extrapolated from January through July batches run in 1992

Average number of batches = 38 per 6 reactor module
Standard Deviation = 11.8 batches per 6 reactor module

Probable range for the number of batches possible through a 6 reactor
module in 1 year:

Confidence Interval Minimum # Batches Maximum # Batches
90% (1.645 x Std. Dev.) 19 57
95% (1.96 x Std. Dev.) . 15 61
99.8% (3.08 x Std. Dev.) 2 74

It is very uhlikely that we could exceed 80 batches/ year of production
through a 6 reactor module in a research and development area which
requires frequent changeovers.

Equipment Sizing Information

The existing Batch Pilot Plant reactor capadity available in the four major
modules of the pilot plant is:
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Reactor # Module A ModuleB ModuleC ModuleD

1 100 glass 50 glass 50 stainless 100 glass

2 100 stainless 100 glass 200 glass 200 glass

3 200 glass 100 stainless 100 glass 300 glass

4 200 hastelloy 50 glass 100 stainless 200 glass

5 100 glass 200 glass 200 stainless 300 glass

6 300 glass 200glass 200glass 300 glass
Totals: 1000 gallons 700 gallons 850 gallons 1400 gallons

Grand Total: 3950 gaﬂons of reactor capacity

Historical Solvent Usage Information

The 1991 calendar year was the first full year that detailed material
balance data was obtained on all solvent usage for each process in the
pilot plant. This information was used to submit the 1991 SARA 313
report for the existing fadlity. This data represents typical processing
which occurs in this Research and Development fadlity; future work in
the expanded fadility is expected to be of a similar nature. Note that these
numbers represent the solvent usage for chemical processing and cleaning
of the equipment between batches. The additional VOCs for the building
from heat transfer systems, solvent waste systems, etc. are not included in
these numbers. Emissions from the heat transfer systems are negligible.
The existing solvent waste system will not be altered and is covered in the
existing operating permit application.

Gross Usage 422,435 Ibs
Saved? 29,340 Ibs
Reacted 40 Ibs
Incinerated 380,845 Ibs
Fugitive 11,090 Ibs
Point Source 1,120 Ibs
Total to Air: 12,210 Ibs (fugitive + point source)

Overall Percentage of total usage to air: 2.9%

2 For example, mother liquor held in inventory for future recovery
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The best prediction for overall gross usage of solvent for the additional
reactor capadity is based on the following data:

422,435 Ib gross usage annually
(29 batches)(1000 gal)+(25 batches)(700 gal)+
(35 batches)(850 gal)+(35 batches)(1400 gal)

= 3.37 Ib gross solvent used
(batch)(gallon of reactor capadity)

Incorporating the overall percent usage to air of 3%, the total amount of
solvent emitted to the air annually would be:

3.37 Ib gross solvent used x 0.03
(batch)(gallon of reactor capadity)

0.101 Ib gross solvent emitted to the air
(batch)(gallon of reactor capadity)

Allocation of VOCs to Various Pieces of Process Equipment

The overall solvent material balances give the total amount of solvent lost
to the atmosphere. The total VOCs emitted needs to be allocated to
process equipment or unit operations.

Drver Emissions:

1,120 Ibs of solvent vapor were discharged from dryer vents in 1991 from
the existing D-wing fadlity. Once again, the dryer vent discharge should
be affected by the number of batches and the batch size. The best
pred1ct10n for overall dryer vent emissions for the additional reactor
capadty is based on the following data:

1,120 Ib solvent out of dryer vents
(29 batches)(1000 gal)+(25 batches)(700 gal)+
(35 batches)(850 gal)+(35 batches)(1400 gal)

= 8.94 x 10-3 Ib solvent out of drver vents
(batch)(gallon of reactor capadity)
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Filtration/Centrifugation Emissions:

Data from a recent pilot plant campaign in the existing C-Wing is
presented which involved the use of a 75 gallon reactor, 35" single plate
filter, and 62 gallon filtrate receiver.

Batch Number Total Mass Charged, kgs Total Mass
Removed, kgs

Stoichiometry "A"

102PB2 227.83 231.09
103PB2 227.17 230.13
105LB2 226.93 226.42
106PB2 2793 226.76
Average "A" 227.47 228.60

Out-In = +1.14 kg

Stoichiometry "B"

107PB2 » 237.53 237.37
108PB2 236.83 235.76
109PB2 239.53 240.12
110PB2 236.95 235.371
11PB2 238.19 239.77
112PB2 238.13 241.15
Average "B" 237.86 238.26

Out-In = +0.40 kg

These data include all "wet" processing prior to drying, including
charging, reacting at reflux, filtration, and washing of the product cake.
As such, they require multiple weighings of the entire reaction vessel, and
the weights of the individual components added. Each reactor weighing
is accurate to +\- 02 kgs, while the accuracy of the weights of individual
reagents varied between +\- 0.2 to +\- 0.002 kg (depending on quantity of
reagent required). The total uncertainty for the entire series of
measurements is +\- 1.76 kgs. As can be seen, all measurements were
within the uncertainty of the measurement, indicating a very low loss of
VOCs through this point of processing. The estimate for the amount of
VOC lost for each filtration or centrifugation operation will be taken as 5
Ibs per operation.
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The VOCs attributed to filtration and centrifugation equipment are based
on the following assumptions:

L4

. 5 Ibs of VOC per solids isolation
. 2 solids isolation per batch

Per module, this leads to

10 lbs solvent emitted from filters/centrifuges
(batch)

Fugitive Emissions:

Fugitive emissions were estimated using emission factors in the USEPA's
Protocols for Generating Unit-Specific Emission Estimates for Equipment Leaks
of VOC and VHAP. The number of each type of fugitive emission source
(valves, flanges, pump seals, etc.) in each module were estimated. The
estimates were then multiplied by the appropriate emission factor in Table
2-1 of the Protocols. The fugitive emissions calculations are summarized
on the worksheets in Appendix B of the report.

Reactor Emissions:

Finally, to close the material balance, emissions will be assigned to the
reactor vents.

Reactor emissions = (Total emissions - dryer emissions - filtration
emissions - fugitive emissions)
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Sample Calculations

The following calculations are the basis for the emissions estimates for
existing and proposed Building 110 pilot process equipment.

Maximum processing capability of each module:

80 batches/ year
Total amount of solvent emitted to the air per batch per gallon of reactor
capacdity annually:

Equation A: 0.101 Ibs solvent emitted to the air
(batch)(gallon of reactor capadity)

VOCs emitted to the air to the various types of equipment in each
module:

Drver emissions for the module:

Equation B: 0.00894 Ibs solvent out of drver vents
(batch)igallon of reactor capadity)

Filtration/ Centrifugation emissions for the module:

Equation C: 10 Ibs solvent emitted out of filter/ centrifuge vents
(batch)

Fugitive emissions for the module:

Quantity of equipment * emission factor

(See worksheets in Appendix B for calculations)




Reactor emissions for the module:

EquationD: Total solvent emitted annually - dryers émissions -
filtration/ centrifugation emissions - fugitive emissions

Pre-Control Potential Emissions Calculations (TPY) from
Existing and Proposed Building 110 Process Equipment

Batch/ Reactor  Total Dryer Fltr/Cntrfg Fugitivet Reactor
Module yT Capacity Emissions Emissions Emissions Emissions Emissions

Column 3 F H ] K

Equation EQA*E*F2000 EqB°E"F/2000  EqC E/2000 H-1J-K
A 80 1,000 4.04 0.36 0.40 1.02 2.26
B 80 700 2.83 0.25 0.40 1.02 1.16
C 80 850 3.43 0.30 0.40 1.02 173
D 80 1,400 5.65 0.50 0.40 1.02 3.73
E 80 1,300 5.24 0.46 0.40 1.02 3.36
F 80 1,300 524 0.46 0.40 1.02 3.36
30 Gallon-A 80 123 0.49 0.042 0.200 0.14 0.11
30 Gallon-B 80 110 0.45 0.042 0.208 0.11 0.10
C-Wing 80 480 1.94 0.18 0.40 0.57 0.79
Total 29.31 2.59 320 6.94 16.58

Notes:

1. Estimated using USEPA emission factors.
2. For the vacuum pump assodated with existing dryer VDS-696.
3. Emission factor adjusted for small batch size.
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Module:

Module emisslon factor:

Filtration emission factor:

Dryer emission factor:

Number of reactors:

Total reactor capacity:
Maximum lots per year:

Approximate hours per lot

Total emissions per lot
Fugitive emissions compo

Bre-Bontrol Emlssions Summafy

Eli Lilly and Company
Bullding 110

A '
0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
10 (Ib VOC)/(lot)
0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
6
1,000 (galion)
80
32
101 (Ib VOC)
nents per module

Valves: 30 Open ended lines: 6
Flanges: 150 Sampling connections: 6
Pump Seals: 3 Press relief seals: 6
Comp. Seals: 0
Component utilization: 30%
Fugitive emissions*: 1.02 (TPY)
tal emissions: 4.04 (TPY)
cmissions stream temp: 77 (degreeF)
Minimum Maximu
Emissions Emissic
Average Average Stream = Strean
Emissions Duration Emissions Emissions Flow Flow
Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (acfm) (actm)’
Reactors 2.26 24 2.35 56.51 1.12 1
Filter/Centrifuge 0.40 2 5.00 10.00 2.37 1
Dryer 0.36 6 1.49 8.94 0.71 1
Fugitive 1.02 30 0.85 25.55 NA N
Total

4.04 82 101.00

* Using smisalon factors in USEPA, "Protocols for Generating Unit Specific Emission Estimates for Equipment Leaks of YOC and YHAP*

** Conservatively (low) sstimats based

~\PROJECT\712-05\A_EMIT.WQ!

on vacuum pump performancs
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Pre-Control Emissions Summary

Eli Lilly and Company
Building 110

Module: B
Module emission factor: 0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
Filtration emission factor: 10 (b VOC)/(lot)
Dryer emission factor: 0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
Number of reactors: 6
Total reactor capacity: 700 (gallon)
Maximum lots per year: 80
Approximate hours per lot: 32
Total emissions per lot 70.7 (IbVOC)
Fugitive emissions components per module
Valves: 30 Open ended lines: 6
Flanges: 150 Sampling connections: 6
Pump Seals: 3 Press rellef seals: ' ' 6
Comp. Seals: 0
Component utilization: 30%
Fugitive emissions*: 1.02 (TPY)
‘tal emissions: 2.83 (TPY)
cmissions stream temp: 77 (degree F)
Minimum Maximum
Emissions Emission
Average Average Stream  Stream
: Emissions Duration Emissions Emissions Flow Flow
Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (actm) (acfm)**
Reactors 1.16 24 1.20 28.89 0.57 10
Filter/Centrifuge 0.40 2 5.00 10.00 2.37 10
Dryer 0.25 6 1.04 6.26 0.50 10
Fugitive 1.02 30 0.85 25.55 NA NA

Total 2.83 32 70.70

* Using emission factors in USEPA, “Protocols for Generating Unit Specific Emission Estimatse for Equipment Leaks of VOC and VHAP
** Conservativedy (low) sstimate based on vacuum pump performancs

PROJECT\712-05\B_EMIT.WQ!
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Module:

Module emission factor:
Filtration emission factor:
Dryer emission factor:
Number of reactors:

Total reactor capacity:
Maximum lots per year:
Approximate hours per lot
Total emissions per lot:

Bra.Control Emissions Summary -

Eli Lilly and Company

Building 110

10 (Ib VOC)/(lot)
0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))

6

850 (gallon)
80
32

85.85 (IbVOC)

Fugitive emissions components per module

Valves:

Flanges:

Pump Seals:

Comp. Seals:
Component utilization:
Fugitive emissions*:

tal emissions:
Emissions stream temp:

3
0

30 Open ended lines:
150 Sampling connections:

Press relief seals:

30%

1.02 (TPY)
3.43 (TPY)
77 (degree F)

Emissions Duration

Average

Emissions Emissions

Average

0.101 (Ib VOC)/((lot) (gallon of reactor capacity))

a oo,

Minimum Maximum

Emissions Emission
Stream Stream
Flow Flow

Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (actm) (actm)**
Reactors 1.71 24 1.78 42.70 0.84 10
Filter/Centrifuge 0.40 2 5.00 10.00 2.37 10
Oryer 0.30 6 1.27 7.60 0.60 10
Fugitive 1.02 30 0.85 25.55 NA NA
Total 3.43 32 85.85

* Using emission factors in USEPA, “Protocols for Generating Unit Specific Emission Estimates for Equipment Lsaks of YOC and YHAP*

** Conservatively (low) estimats based on vacuum pump performance

=~ PROJECT\712-08\C_EMIT.wQl
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Pre-Control Emissions Summary

Eli Lilly and Company
Building 110
Module: D
Module emission factor: 0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
Fittration emission factor: 10 (Ib VOC)/(lot)
Dryer emission factor: 0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
Number of reactors: 6
Total reactor capacity: 1,400 (gallon)
Maximum lots per year: 80
Approximate hours per lot 32
Total emissions per lot: 141.4 (IbVOQC)
Fugitive emissions components per module
Valves: 30 Open ended lines: 6
Flanges: 150 Sampling connections: 6
Pump Seals: 3 Press relief seals: ' 6
Comp. Seals: 0
Component utilization: 30%
Fugitive emissions™*: 1.02 (TPY)
~tal emissions: 5.66 (TPY)
cmissions stream temp: 77 (degree F)
Minimum Maximum
Emissions Emission
Average Average Stream  Stream
Emissions Duration Emissions Emissions Flow Flow
Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (actm) (acfm)**
Reactors 3.73 24 3.89 93.33 1.85 10
Filter/Centrifuge 0.40 2 5.00 10.00 2.37 10
Dryer 0.50 6 2.09 12.52 0.99 10
Fugitive 1.02 30 0.85 25.55 NA NA
Total 5.65 32 ' 141.40

* Using smission factors in USEPA, "Protocols for Generating Unit Specific Emission Estimates for Equipment Leaks of YOC and YHAP*

** Conservatively (low) estimate based on vacuum pump performance

PROJECT\T12-05\0_EMIT.WQ!

06-Dec-¢




Module:
Module emission factor:
Filtration emission factor:

" Dryer emission factor:

Number of reactors:

Total reactor capacity:
Maximum lots per year:
Approximate hours per lot:
Total emissions per lot

Pie-Qontral Emiacione Summary

Eli Lilly and Company

Bullding 110

g

10 (Ib VOC)/(lot)
0.00884 (b VOC)/((lot) (gallon of reactor capacity))

6

1,300 (gallon)
80
32

131.3 (Ib VOC)

Fugltive emissions components per module

Valves:

Flanges:

Pump Seals:

Comp. Seals:
Component utilization:
Fugitive emissions*:

‘tal emissions:
cmissions stream temp:

3
0

30 Open ended lines:
150 Sampling connections:

Press relief seals:

30%

1.02 (TPY)

5.25 (TPY)
77 (degree F)

Emissions Duration

Average

Emissions Emissions

Average

0.101 (Ib VOC)/((lot) (gallon of reactor capacity))

(o)}

Minimum Maximum

Emissions Emission
Stream Stream
Flow Flow

Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (acfm) (acfm)**
Reactors 3.36 24 3.51 84.12 1.66 10
Filter/Centrifuge 0.40 2 5.00 10.00 2.37 10
Oryer 0.46 6 1.94 11.62 0.92 10
Fugitive 1.02 30 0.85 25.55 NA NA
Total 5.24 32 131.30

b U;ing emission factors in USEPA, "Protocols for Generating Unit Specific Emission Estimates for Equipment Leaks of YOC and YHAP®

** Conservatively (low) estimats based on vacuum pump performancs
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Pre-Control Emissions Summary
Eli Lilly and Company

Building 110

Module: F
Module emission factor: 0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
Filtration emission factor: 10 (Ib VOC)/(lot)
Dryer emission factor: 0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
Number of reactors: 6
Total reactor capacity: 1,300 (gallon)
Maximum lots per year: 80
Approximate hours per lot: 32
Total emissions per lot: 131.3 (Ib VOC)
Fuglitive emissions components per module
Valves: 30 Open ended lines: 6
Flanges: 150 Sampling connections: 6
Pump Seals: 3 Press relief seals: 6
Comp. Seals: 0
Component utilization: 30%
Fugitive emissions*: 1.02 (TPY)
al emissions: 525 -(1PY)
.nissions stream temp: 77 (degree F)
Minimum Maximum
Emissions Emission
Average Average Stream  Stream
Emissions Duration Emissions Emissions Fiow Flow
Emissions Source (TPY) (1b/hr) (Ib/lot) (acfm) (acfm)**
Reactors 3.36 24 3.51 84.12 1.66 10
Filter/Centrituge 0.40 2 5.00 10.00 2.37 10
Oryer 0.46 6 1.84 11.62 0.92 10
Fugitive 1.02 30 0.85 25.55 NA NA
Total 5.24 32 ' 131.30

' Using smission tactors jn USEPA, "Protocols for Generating Unit Specific Emission Estimatess for Equipment Leaks of VOC and YHAP*

** Conservatively (low) sstimats based on vacuum pump performancs

'‘ROJECT\712-C5\F_EMIT.WQ!
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Pre Ceantroal Emiccions Summary

Eli Lilly and Company
Building 110

Module: 30 Gallon-A -
Module emission factor: 0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
Filtration emission factor*: 5 (Ib VOC)/(lot)
Dryer emission factor: 0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
# of reactors & evaporators: 4
Total reactor capacity: 123 (gallon)
Maximum lots per year: 80
Approximate hours per lot: 32
Total emissions per lot 12.42 (IbVOC)
Fugitive emissions components per module
Valves: 15 Open ended lines: 2
Flanges: 75 Sampling connections: - 2
Pump Seals: 1 Press relief seals: . : . 0
Comp. Seals: 0 ,
Component utilization: 20%
Fugitive emissions**: 0.14 (TPY)
tal emissions: : 0.50 (TPY)
Emissions stream temp: - = 77 (degree F)
Minimum Maximum
Emissions Emission
Average Average Stream  Stream
Emlissions Duration Emissions Emissions  Flow Flow
Emissions Source ~ (TPY) (hr) (Ib/hr) (Ib/lot) (actm) (acfm)***
Reactors 0.11 24 0.12 2.78 0.06 10
Filter/Centrifuge 0.20 2 2.50 5.00 1.19 10
Dryer 0.04 6 0.18 1.10 0.09 10
Fugitive 0.14 30 0.12 3.54 NA NA
Total 0.49 32 ' 12.42

* Emisslon factor adjusted tor emall lot size

** ‘Using emisaion tactors in USEPA, “Protocols for Generating Unit Specific Emission Estimates for Equipment Leaks of YOC and VHAFP"

*** Conservallvely (low) satimate based on vacuum pump perfarmancs
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Pre-Control Emissions Summary

Eli Lilly and Company
Building 110
Module: 30 Gallon-B
Module emission factor: 0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
Filtration emission factor*: 5 (Ib VOC)/(lot)
Dryer emission factor: 0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
Number of reactors: 3
Total reactor capacity: 110 (gallon)
Maximum lots per year: 80
Average hours per lot 32
Total emissions per lot 11.11 (Ib VOC)
Fugitive emissions components per module
Valves: 10 Open ended lines: 2
Flanges: 50 Sampling connections: 2
Pump Seals: 1 Press relief seals: 0
Comp. Seals: 0
Component utilization: 20%
Fugitive emissions**: . 011 (TPY)
tal emissions: , 0.44 (TPY)
-missions stream temp: 77 (degree F)
Minimum Maximum
Emissions Emission
Average Average Stream = Stream
Emissions Duration Emissions Emissions Flow Flow
Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (actm) (acfm)***
Reactors 0.10 24 0.10 2.38 0.05 10
Filter/Centrifuge 0.20 2 2.50 5.00 1.19 10
Oryer 0.04 6 0.16 0.98 0.08 10
Fugitive 0.11 30 0.09 2.75 NA NA
Total 0.45 32 ' 11.11

* Emisslon factor adjusted for small lot sizs

** Using smission lactors in USEFA, "Protocols for Generating Unit Specific Emission Estimatss for Equipment Leaks of VOC and VHAP®

'** Conservatively (low) estimate based on vacuum pump performance
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Pre<Control Emissions Summary -
Eli Lilly and Company
Building 110

Module: C-Wing .
Module emission factor: 0.101 (Ib VOC)/((lot) (gallon of reactor capacity))
Filtration emission factor: 10 (Ib VOC)/(lot)
Dryer emission factor: 0.00894 (Ib VOC)/((lot) (gallon of reactor capacity))
Number of reactors: 18
Total reactor capacity: 480 (gallon)
Maximum lots per year: 80
Approximate hours per lot: 32
Total emissions per lot: 48.48 (b VOCQC)
Fugitive emissions components per module
Valves: 30 Open ended lines: 12
Flanges: 200 Sampling connections: 12
Pump Seals: 2 Press relief seals: ' : 0
Comp. Seals: 0 R
Component utilization: 30%
Fugitive emissions*: 0.57 (TPY)
tal emissions: 1.94 (TPY)
emissions stream temp: 77 (degree F)
Minimum Maximum
Emissions Emission
Average Average Stream  Stream
Emissions Duration Emissions Emissions Flow Flow
Emissions Source (TPY) (hr) (Ib/hr) (Ib/lot) (acfm) (acfm)**
Reactors 0.79 24 0.82 19.77 0.39 10
Filter/Centrifuge 0.40 2 5.00 10.00 2.37 10
Oryer 0.18 6 0.73 4.39 0.35 10
Fugitive 0.57 30 0.48 14.32 NA NA

Total 1.94 32 48.48

* Using smission factors in USEPA, *Protocols for Generating Unit Specific Emission Estimates for Equipment Leaks of YOC and VHAP"

** Conservativeiy (low) estimate based on vacuum pump performance
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BACT Calculason input Paramenrs

Project Deecripson: En uny

Building 110 Expansion - Madule E

Avg. Emission stream ficw, Os: 10 {actm) Auxllary Equipment Cost 325,000 ($) Aux equip cot
Strwam presoure, P: 10 (atm) Mawrial coet scwr, Frc 1.0 From Table 4.6-4
Stream wrpemnre, Te: b dN 4] Cost of building, Bidg: 30 Or Enwr CALC 10 use Percant of Eq. Cost
Relatve humidity, Rhum: 0 (%) Bidg Cost as % of Equipt. Cosc 0.0% Typcally 3% © 9% (Perry's p. 2521)
Alr poilutant. HAP: voc Sisam prica, Px: $8.110 (V1000 lbs)
Annual emismons mw, ER: 338 (wnatysar) Cooling wawr cost, Pow: 30,200 ($/1000 gals) From Table 4.6-7
HAP molecular waght, M: 7047 (bbb mole) Blectricity cost $0.059 (3/kWh)
9  hy 3 N (TorN) . Caost of activasd carbon, Ce: 32330 (3b)
Erniemon stream LEL. LEL: 1,200 (pprw) Tabie 4.2-1 Namral gas pncs: $1550 (3/1000 acf)
No. admort carbon bads, NA: 1 Base or precious metal catalyst PM  (Enter “BM" or "PMT)
No. desord carbon bads. NO: 1 Cost of PM cattysc £.000 (/)
Operating hours/year, HRS: 2580 (hours) Comt of BM cataiyst 75 ()
Cperaong labor cost $0.00 (Whr) Density of fua gas, De: 0.074 (Ib/scf) From Page 4-5
Maintsnance labor cost £30.00 (S/Mhr) Da-u-n' of fuei gas, DE: 0.041 (b/scf) From Page 4-5
Regeneraton mmam req., St 10 (#eerv#cron) Table 4.5-2 Mean heat capacity of air, Cp: 0.019 (BTU/sci F) From Table C.3-1

Adsom cycie tme, Oad: 2 (hour) Table 4.6-2 Stream oxygen content 2.8 %
Regen. cycle ame, Oreg: 2 (hour) Tabie 4.8-2 Reterencs smoerature, Tr: 77 (deg F)
Dry-cooi cycie urme, Odc: 15 (men) Page 434 Lower heat vaiue of nat. gas 21,503 (BTUAML) From Page 414
Bed vream veiocity, Us: 100 (furmin) Page 4-32 Heat x off, thrmi rec & Cajox, HA: 70 (%)
HAP heat conmnt 17,000 (BTUAL) Heat xcnngr sffic. thrmi reg, HR: 5 ™)
Zarbon Agsoro remaval effic. RE. s M Haat xchngr affic, cat incn, HR: 70 (%)
Therm incin remavel effic, RE: - ] Vaive of recavered HAP, Vhap: (30.032 (31B)
Cat Incin rermoval atfic, RE: %) Max dewmred stesam heat cont, hd: 13 [BTU/xh)
Mowt recent CE cost ingsx: 3sa.9 Capital recavery factwor, CRF: 0.10Z7 (10 ywars at 10.0%)
ont & year of scove CE index: Apnl, 1992 CE cost inaex for base year: 340.1 Apnl 1988
Temo, for ' mm Mg vapOr Dresmure: 48,13 (Deg C) Perry Table 32 Cost of mte prep, SP: 0 (9
Temo. lor ‘00 mwn HQ vaoo! Dessurs 19.83 ([Deg C) Perry Tabie 3-8 Inwrest Aaw: 10.0% (Percent)
Heat of vasonzacon at Teon. dH 10 (Brufb) Perry Fig 30 Peak Ermuzmon Flow Rawm: 10 (mctm)
HAP Soec =t st COndensa WMo rangs 0.153 (cai / g C) Perry Tabie 3177 Retrigerator Eficiency. Er 85 (Percent)




1033 AM

HAP heat content
Molecular weight of HAP, MWhap:
Emission Steam Flow, Qea:
Emission sream fSow, Os:
Stream pressure, P:
Sweam wmpemure, Te:
Total Coolant Aequired, OCIot
Maximum HAP conc., HAPs:
Ramovel eficiency, AE:
Heat Tranwier Cosificiant, U:
Sysam Pressure Orog, P:
Temp, for 1 mm Hg vepor pressurs:

Temp. for 100 mm Hg vapor pressurs:
Cpemtng hours/year, HAS:
Heat axchanger sfficiency, HA:

Calculaw Ppartial of HAP in outist stream:
Condensaton Curve Xint, XInt
Condsnmation Curve Slope, CSI:

Calculam Tcon:

Compomtion of coolant

Moles HAP In inlat emisson stream /min, HAPsm:

17.000
o087
100
100

Moles HAP in cutiet emisson stream/min, HAPom:

Moias HAP conoensed/mn, HAPcon:

HAP heat ol vaporzaton at Tcon, dH:

HAP avg soec. heat for wmp Tcon © Te, CPhap:

Enmaoy change of condensed HAP, Heon:
Enthaioy change of air. Hnoncon:
Conaen ser Heat Load, Hicad:

Cootant input Temperature. Teooil:
Cooiuant Oumut Temoermure. Teoowm:

Log Mean Temp Dittersnce. OTIm:

Arsa of Congenser. Acon:

Avernge Soec Heat of Cooiant, CPcootlant
Cooant Fiow Raw. Ccoot

Towui Coouant Ragquired. OCiot
Astrgerason Capectty, Rer

Recoreered Proouct, Crec.

CAAMTAL COSTS

Casc Ramgeoon Caorus Com. ACC.
Carciwsw Conoenme Caoviai Comt. CCC.
Com of Zooung Laud. Ticoal

Aumiary Equioment Cost, AEC:

Calcuaw Purchased Equioment Comt, PEC;
Building Cost Biag:

Siw 7P -voarspon, SP:

Caicuism Towl Capital Com, TCC.

BTUM)
b/t mole)
lactm)
(ectm)
fawn)
4]
(gad)
{porm)
(0]
BTUMe A~ 2 DegF)
fn)
Deg A
(Deg F)
(hours)
™~
633
0.00247
0.00029
-13.1
DOWTHERM
0.00472
0.00017
0.00485
700
1084311
7.08
1130
13717
2.1
KX
19
.77
0.85
0
E")
0.1
1933
8919
=5.838
31520
329,000
$73,530
0
0
3127942

Woricahaet tor Costing
Condenmason
Convol Technology
Building 110 Expension - Module € B
Sysmm Pressure Drop, Peys: 5 fn)
Coolant Pump Mowr Eficency, n: 088 (dimansioniess)
Peal/Aversge Flow Ratia: 1.00 (scim/ectm)
Minimum Coolant Velocity: 10 (Ve
Cooiant Tube Dlameter: 0373 (n)
Coolant Specific Heat 085 (BwAb-DegF)
Coolant Specific Gravity, Sqg: 7.48 (ib/gal)
Cooiing Uquid Coset, UScooi: 7.8 (3/gal) From Vendor
Auxiliary squipment cost, AEC; L $23.000 (%) Fan, ductwork, sack, & damper
Cost of buiding, Bidg: 30 Set by input paramessr
Cost of sim prep, SP; 0 9
Becricity cost, Ulalec: $0.054 (W/KWh) From Tabie 4.6-7
Oparatng labor coee $30.00 (Mour) From Tabie 4.3-8, * 158,8/340.1
Mammnance labor cost $£30.00 (SMhour) From Table 4.3-8 * 358.6/340.1
Ratrigarator Eficiancy, Er: 83 (Percent)

{mm Hg) 780°(1-0.01RE/(1-AE™1.0E-08"HAPs) "HAPs *1.0E 08
(1/Dag R) 1/ (Gnt + 480)

(DagR mem Hg) -1/ (Tcon 100mm Hg + 480)+Xinu/2

(Deg F} 1/ (Gnt - CSI * LOG(Pvapor]) - 460

IF Tcon > 80, WATER: IF 43 < Tcon < 80, CHILLED WATER:
IF 30 < Teon < 45, DOWTHERM: IF Teon < -30, FREON.

(lb-molea/min) Oe/202 * HAPs * 1.0E-08

fb-molea/min) Qa/382 * (1 - HAPY * 1.0E-06) * Pyapor | (Pe - Pvapor)
({b-moles/min} HAPem - HAPom

(Bouo—rmote)

(Bru/lb-moie-deqgF)

HAPeon [ dH + CPhag + (Te - Teon) |

[(Ca/292) - HAPwm| CPair (Te - Tcon)

Brumd 1.1 * 80 * (Heon + Hnoncon)

[Qeg F) Teon - 15

Deg F) Tcood + 2

[Dag F) (Ta - Teooks - 15)/ LN {(Te - Teacia)/13)

(2 Hiced * (PiFiow/AvgFiow) / (U * O0Tim)

(Bub DegF)

(b/hr) MAX( Hicad / (CPcoolant (Teooks - Tcoodl) , Frmin * Td =2 * Dens * 7.48 gaiM=1 * 3800 whe)
(ga) Estimam by Projct Enginesr

(ns) Hicad * PiFlowsAvgFlaw) / 12000

(Ib/hr) 80 * HAPcon * MWhap

From Table 4.8-4, corecied o Aoni, 1992 doilars
From Figure 4.8-3, comected 1o Apnl. 1992 dollara
(%) CCoat * Uscool

(5) Paramemer

() 1.20* (RCC + CCC + Ticool + AEC)

(0.0% af purchassd squipment cost)

1.81 *PEC + SP + Bidg
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Conwol Technaiogy
Buiiding 110 Expansion - Module E ..
DIRECT ANNUAL COSTS
Sywam Pressurs Drop, Pwe 3 (in) Psramatr
Dewrmene (an power requirement. Fp: 2 (cWh/yr) 1.81E04 * Cee * P *HRS
[} geration power requt Ap: 158888 (KWh/yr) Hioed ® HAS ¥ 2.80E-04 kWh/Bu [ Er
Cetrrnine pumpk wcul Pp: 24322 WIZSZE-GC'MM'H'M.‘IIM'HRS'Q.T‘I
From Table 4.8-8 of HAP Manual
Calculam annual slecTricity cosc $110 (3) USeiec * (Fp + Rp + Pp)
Cast of Refrigarant 30 (5 sat 0 0
Cperating costa:
1) Operating labor coms rd $4.800 ({05 hrishitt)/(8 he/shift)] (HAS) (Shourty raw)
b) Supervsory costs: 720 0.15 (Operating labor costs)
Mainwnanca cosu
1) Mainmnancs labor costs: = $4.800 [(0.5 he/shift)/(8 he/shifg] (HRS) (Shourty ram)
B) Mainmnance mamnals e $4.500 1.0 (Mainwnance labor costs)
Disposal of Ascoversd HAP: $208 (3) -Vhap * ER * 2000 *RE
TOTAL DIRECT ANNUAL COSTS: $15.438
INDIRECT ANNUAL COSTS
Overnead: $§.072 0.80 (Operating + mainenance)
Property mx: 31.279 1 psrcant of TCC
Inmurance: $1.279 1 percentof TCC
AarmmisTatve: 52550 2 percentai TCC
Caoiial recovery: $0.422 CAF *TCC
'}GTA.L INDIRECT CCSTS: 03,012
TOTAL ANNUAL COSTS: $350.450

COST PER TON CONTRCLLED: $15.409 ($'on HAP controiled)




Eli Lilly

Building 110 Expansion - Module E

CONDENSATION
ANNUAL COSTS
COST(*)
DIRECT ANNUAL COSTS(**)
Operating Labor _
Operator (hrs.) 05 hr/shift 0.00/hr. 54,800
Supervisor 15% of operator 720
Operating Materials
Maintenance
Labor (hrs.) - 05 hr/shift 0.00/hr. 4,800
Material 100% of Maint. Labor : 4,800
Utilities
Refrigerant 0
Electricity 0.059/kWh 110
TOTAL DIRECT COSTS $15,438
INDIRECT ANNUAL COSTS
Overhead 60% of sum of operating, 9,072
supervisor and
maintenance labor, and
maintenance materials.
TCI{***) $127.942 !
Administrative Charges 2% TCI 2.559
Property Taxes 1% TCI 1.279
Insurance 1% TCl 1,279
Capital Recovery Cost Factor (****) 0.1627
Capital Recovery CRF x TCI 20.822
TOTAL INDIRECT COSTS $35,012
TOTAL ANNUAL COST $50.450
NOTES:
(*) April. 1992 Dollars
(**) Assumes 2560 hr/yr.

(***) Total Capital Investment, from corresponding Capital Costs Table.

(****) Capital Recovery Cost Factor (CRF) (10 years at 10.0%)
CRF = 0.1627




Eli Lilly

Building 110 Expansion - Module E

CONDENSATION
CAPITAL COSTS
OST ITEM' COST (%)

DIRECT COSTS
Purchased Equipment Costs
Refrigeraton Capital Cost $28.919
Condenser Capital Cost 5,836
Auxiliary Equipment 25,000
Cooling Liquid Cost 1520
Total Equipment Cost (A) $61,275
Instrumentation (0.10A) 6,127
Sales Taxes (0.05A) 3.064
Freight (0.054) 3.064
Purchased Equipment Costs (B) $73,530
Direct Installation Costs
Foundation and supports (0.08B) 5,882
Handling and erection (0.14B) 10,294
Electrical (0.08B) 5.882
Piping (0.02B) 1471
Insulaton for Ductwork (0.10B) . 7,353
Painting (0.01B) 735
Direct Installation Cost (C) $31.618
Site Preparation (**)(D) 0
Buildings (E) 0
TOTAL DIRECT COSTS (B) + (C) + (D) + (E) §105,148
INDIRECT COSTS (Tnstallation)
Engineering (0.10B) 7.353
Construction and field expense (0.05B) 3.676
Contractor Fees (0.10B) 7,353
Start-Up (0.02B) 1,471
Performance Test (0.01B) 735
Contingencies (0.03B) 2206
TOTAL INDIRECT COSTS §12,794
TOTAL CAPITAL INVESTMENT (TCD $127,942

NOTES:
(*) April, 1992 Dollars
(**) As required; disregarded for calculation purposes




Avg. Emismon stream flow, Qa:
Siream presaure, P:

Stream wmpenire, Te:
Reiatve humidity, Rhume

Alr polhutant, HAP:

Annual emissions raw, ER:
HAP molecular weight. M:

Hak d h
L, g hydr =

Erresmson sweam LEL, LEL:
No. adeort carbon beds, NA:
No. desort carbon beds, ND:
Cpemong hours/ysar, HRS:
Coerating labor cost
Manwnance labor cosc
Asgenerason sarn req., St
Adsom cycie trma, Oad:
Regen. cycie ima, Oreg:
Dry-cool cycie tma, Cac:
Bed sweam weiocity, Ue:
HAP heat content
Carbon Adeor rermavad effic, AE:
Therm incm removal eific, RE:
Cat incin rermoval affic, RE:
Most recent CE cost index:
Month & yeasr of scove CE ingex:
Terno. for 1 mm Hg vaoor pressure:
Termo. Yor 100 M Hqg vapOr Dressim:
Heat cf Vaponzaoon at Toon. dH:

HAP Spec Mt at COnQenss mo mnge:

10

10

BACT Calculat

Project Description:

(wetm)

fawm)

% %)

voc

4“2

7087

1.200

100

17.000

fona/year)
b/ mole)
(YorN)

(pprmv) Table 4.21
(hours)
(S/hn)

(&)

(@ uaryecrbn) Table 4.6-2

(hour} Table 4.8-2
(hour) Tabie 4.8-2
{rrun) Page 434
(f/rrun) Page 432
BTuUnb)

=

S )

oS ™)

3s53.8

Apnl, 1992

-48.13

19.83

10

0.153

Deg C) Perry Tabia 34

Deg C) Perry Tabie 34

BruAb) Pery Fig 3-0

(cat / g C) Perry Tania 3177

BN Ly

Bullding 110 Expansion « Module £

Auxillary Equipment Cost
Material cost jacor, Frn:

Cost of building, Bidg:

Bidg Cost as % of Equipt. Cost

Swam prica, Px

Cooling wamr cost, Pow:

Blectricity cost

Cont of activaied carbon, Cc:

Natwral gas price:

Bass or precious metal catalyst

Cost of PM catalyst

Cast of BM catalyse

D;ﬂ-ly of flue gas, Da:

5 Density of fusi gas, Dt

Maan heat capacity of air, Cp:

Strsam oxygen conmnt

Retersnce wmoerature, Tr:

Lower heat valuae of nat. gax:

Heat x off, thrri rec & Cajox, HR:

Heat xchngr stfie, thrmi reg, HA:

Heat xxningr sific, cat inain, HR:

Vaiue of recovered HAP, Vhap:
Max desired stream heat cont, hd:

Capimi recovery factor, CRF:

CE comtindex for bane year

Cost of mm prep, SP:

Intsrnst Rate:

Peak Emezmon Flow Raw:

Asmgenator Effictency, Er

.

323,000

10

E ]

(N Aux equip cost
From Table 4.8-4

Or Enter CALC 1 use Percent of Eq. Cont

0.0% Typically 3% 1 9% (Perry's p. 2521)

38.110

3020

$23%

2550

PM

s

0.074

0.041

.09

(30.032

Ak}

o.1827

340.1

($/1000 ibs)

(3/1000 gais) From Table 4.6-7
($Acwm)

(31b)

(/1000 acf)

(Enter BM® or P
()

()

(b/nch) From Page 45
(b/act) From Page 4-5
(BTU/act F) From Table C.5-1
%)

(deg F)

BTUAB) From Page 414
=)

™)

%)

(31b)

BTU/scn)

(10 ysars a1 10.0%)

Apni 1988

&)

10.0% (Percent)

1

(sctm)

(Percent)




10044 AM

Average Fiow Ram, Os
Maximum Flow Raw, Cavg
Temperature, Te

HAP

HAP Concenwaton, HAPs
Pressurse, Pe

Ramoval Eficiency, RE
Mol Wt of Em Sw, MWe
Solvent Used

Slope of Equ. Curve. m

Mol ¥ of Sotvent, MWeal
Disposal Cost of Soivent, Dec:
Schiredt # in Gaa, Scg
Schridt # In Uguid, S
Sotvent Denmty, DI

Solvent Viscosity, Ul
Absorpton Facwor, AF
Caiculaw Gas Streamn Flow Raw, Gmol
Uquid Flow Ram, Lmol
Uquid Flow Raw. Lgal
Soilvent Flow Ram L
Gas Stream Flow Ram, G
Density of Gas, Dg
ADIH'_ ABS
Crdinase, ORD
Gas Flow at Flooding, Gat
Gas Flow. Ga

Arsa of Column, Acol
Dl.nm-nm of Column, Deal
# Gas Trans Unim. Nog
Uquid Flow Ram, L*
Ht of Gas Transter Unit, Hg
Htof Ugusd Trane Ui, HI

Ht of Transter Unit, Hog
Coturmn rewght, HTeol

Total Column Meght. HTot
Voiurna of pacang mat. Ypaci:
Pressurs Droo Thru Col, Pa
Towl presmure drop, Pot
CAPITAL COSTS

Absorper Tower Com

g Aynilary Eguipment

Packing Mamna

Equiprrent Cost. EC
Purchassd Eguiprment Cost. PEC
Direct Innusiaton Cast, OIC
Sim Precamanon, 57

Buiding, Blag

Total Direct Coma

Indirect Costs

Towl Capital Com, TCC

10 (eciw)
(mctrm)
DegF)

185034 (pprrer)
780 (mmHg)
sS85 (%)
TO.8T (bMo-mol)

284 Perry Fig 14-14
18 poAb-mol)
$288.00 ($/1.000 gal)
124
804 UY(P1*DN
6218 (bm=~3)
0.818 (cp) Weast Pg. F-42
1.8 HAP Manual E

‘Worksheset for Couting
Abmorpion
Conwol Technology

Building 110 Expanmon - Module € -

Packing coneant & F
Packing consmmt e
Fracson of Flooding V.. ! 0.8
Packing constant b
Packing consmant ¢ 0.41
Packing constant d
Packing constant Y
Packing consmant s
Packing consant g 11.12
Packing constant r

Bad Type

Packing Mawrial Cast, Peost
Hours / Year, HAS:

Elec. Cost, USalec:

Wawr Cast, Pow:

Operating Labor Cost

‘o Came

155

8.5472

0.24

118

109.5485

0.181

0.058

0.14

0.874

0.524

3.048

4.07

10.4

8.4

274

4.2

34,087

=5.000

]

£$0.053

£38.004

£30.654

30

388,718

ize2

579,340

L o Labor Cost

(lb-mai/hr) 0.155 * Qs

fb-mol/mr) AF * m * Gmol

(gal/min) [Lmol * MWaol * (1/01) * 7.48] / 80
(b/hn) MWseal * Lmol
b/} MWe * Grrol
m=NP"M/A*T
L/IG*@g/ON=~2

Raad from Figure 4.7-2

[ORD *Dg * 0! * Ge/ (/e =3) * U1~0.7)] ~05
1° Gat

=2 G/ (3,800 * Ga)

(t9 1.13 * (Acoi = 5)

Equason 4.7-13, HAP Manual
(ome-n=2 L/ Acol

(M (b *E800 " Ga)~c/(L*~d) ] *Scg
MY "L AUM~s*Sei~ 3

(M Hg + (1/AF) " HI

() Nog * Hog

(M HTeol + 2 + 0.25 * Oenl

m=3

o= 2.1

(in M20) Pa * HTcol /5.2

($) Figure 4,74, comecmd o Adril, 1902 3 -
($) Pararnaser

() Vpacx * PCost. comectad 1 Apel, 1992 S

$H12*EC

(9 0.88 * PEC

0.0% of purchased equipment cosy
DIC + PEC + SP + Blig

(9 0.28 *PEC




ANNUAL COSTS

Actual Em. S¥. Flow Ram, Cea:
Annual Electricity Usa, Fp:
Annual Blec Cost, AEC:

A | Soivent Requl ASR:
Annual Solvent Cost, ASC:

) Coerating labor costs:
b) Supervisory cows:

Mainmnance cowts

4) Manwnancs labor cosm:
b) Mammsnance mawnalx

Discosal of Solvent
TOTAL DIRECT COSTS:
INDIRECT COSTS:

Adrmrastratve

Propecty Taxes
Capiad Recovery

TOTAL INDIRECT COSTS:
TOTAL ANNUAL COSTS:

COST PER.TON REMOVED:

$1

34,500
34,600

30654

30,072
31,587

312912

0,128

Workshest for Costing
Conwot Technology
Buniding 110 Expansion - Module E

Fp * UsElec

(5) ASA = Pew * 1/1000

[(05 he/shift)/(8 hefwhit] (HRS) (Shourty rawm)
0.15 (Opemiting labor costs)

(0.5 he/ahitt)/(8 he/mhity] (HAS) (Shourly rats)
1.0 (Mansenance labor coss)

0.80 * Cp. Labor + Maint
% el TCC

1% ol TCC

1% ot TCC Co -
TCC *CAF




Eli Lilly

Building 110 Expansion - Module E
ABSORPTION
ANNUAL COSTsS

" COST ITEM UNITCOST | * coST(*)
DIRECT ANNUAL COSTS(**)
Operating Labor
Operator (hrs.) 0.5 hr/shift 30.00/hr. $4,800
Supervisor 15% of operator 720
Operating Materials
Maintenance
Labor (hrs.) 0.5 hr/shift 30.00/hr. 4,800
Maternial 100% of Maint. Labor 4,800
Uulities
Electricity 0.059/kWh 1
Water 0.200/1000 gal 7
Wastewater Disposal 9.65:
TOTAL DIRECT COSTS $24,782
INDIRECT ANNUAL COSTS -
Qverhead 60% of sum of operating, 9,072
supervisor and
maintenance labor, and
maintenance materials.
TCI(***) $79,340
Administrative Charges 2% TCI 1.587
Property Taxes 1% TCI 793
Insurance 19 TCI 793
Capiaal Recovery Cost Factor (****) 0.1627
Capital Recovery CRFxTCI 12912
TOTAL INDIRECT COSTS §25,158
TOTAL ANNUAL COST $49.940
NOTES:

(*) April, 1992 Dollars
(**) Assumes 2560 hriyr.

(***) Total Capital Investment, from corresponding Capital Costs Table.
(****) Capital Recovery Cost Factor (CRF) (10 years at 10.0%)

CRF = 0.1627




Eli Lilly

Building 110 Expansion - Module E

ABSORFPTION
CAPITAL COSTS
OSTITEM OST

DIRECT COSTS
Purchased Equipment Costs
Absorber Tower Capital Cost 54,967
Packing Material 86
Auxiliary Equipment 25.000
Total Equipment Cost (A) $30,053
Instrumentation (0.10A) - ' 3,005
Sales Taxes (0.05A) 1503
Freight (0.05A) 1.503
Purchased Equipment Costs (B) $36,064
Direct Installation Costs
Foundation and supports (0.12B) 4,328
Handling and erection (0.40B) 14,425
Electrical (0.01B) 361
Piping (0.30B) 10,819
Insulation (0.01B) 361
Painting (0.01B) - 361
Direct Installation Cost (C) $30,654
Site Preparation (**)(D) 0
Buildings (E)
TOTAL DIRECT COSTS (B) + (C) + (D) + (E) $66,718
INDIRECT COSTS (Installation)
Engineering (0.10B) : 3,606
Construction (0.10B) 3,606
Contractor Fees (0.10B) 3,606
Start-Up (0.01B) 361
Performance Test (0.01B) 361
Contingencies (0.03B) 1.082
TOTAL INDIRECT COSTS §12,622
TOTAL CAPITAL INVESTMENT (TCD L §79340

NOTES:
(*) April, 1992 Dollars
(**) As required: disregarded for calculation purposes




APPENDIX D

INDIANAPOLIS AIR POLLUTION CONTROL SECTION (IAPCS) EMISSION
INVENTORY




1620 Basa Year Inventory of
Ozone Precursor Emissions for
Marion County, Indiana

Precarsd For:

Indiana Department of Environmental Management
0fTice of Air Management
105 South Meridian Street
Indianapolis, Indiana. 46206-6015

and

United States Environmental Protaction Agency
Region V R
77 West Jackson Street, AR-18J }
Chicago, ITlinois 60604 o

Presared By:

City of Indianapolis
Department of Public Works
Environmental Resourcas Management Division
Air Pollution Control Sectien
2700 South Beimont Avenue
Indianapoiis, [ndiana 4622

Decsmber 31, 1992




